Newer strategies for the synthesis of inorganic solids have made a great impact on present-day materials chemistry. In this article, typical case studies of synthesis involving new methods and soft chemical routes are discussed besides recent results from nebulized spray pyrolysis and synthesis of nanoscale metal and alloy particles.
Introduct ion
Strategies for the synthesis of inorganic solids are being increasingly recognized as crucial for the design and development of materials.
This aspect of materials chemistry has been dealt with in some recent publications(l-3), I t is convenient to categorize synthetic strategies in the solid state under the three following headings: (a) Strategies involving the traditional ceramic procedure and its variants as well as improvements directed towards decreasing diffusion distances, (b) Novel reactions and methods to prepare known and sometimes new solids and (c) Soft chemical routes generally yielding new, metastable solids, W e shall briefly examine these three categories of synthesis with examples mainly chosen from the work carried out in the author's laboratory.
W e shall also discuss some of the recent results on oriented oxide films obtained by nebulized spray pyrolysis and some efforts to synthesize nanoscale particles of metals and alloys.
Modifications of the traditional ceramic Drocedure The traditional method of synthesizing inorganic solids has been the ceramic procedure involving the reaction of mixtures of solid materials containing the relevant metal ions at high temperatures. In spite of some of the limitations, a large variety of solids have been successfully prepared by this method. Thus, most of the hightemperature superconducting cuprates have been prepared by the ceramic method, Several modifications of the ceramic method have been employed to overcome the limitations, specially to decrease the diffusion distances.
Two of the techniques used to obtain small particles are spray-drying and freeze drying. Coprecipitation is also commonly employed to reduce diffusion distances. Coprecipitation helps to get the required cations in closer proximity and lowers the temperature of decomposition, just as the sol-gel method. A variety of cuprate superconductors have thus been prepared by coprecipitation of carbonates or oxalates(4).
Precursors have been used extensively to reduce diffusion distances in solid state synthesis. Precursors can be single compounds containing all the relevant cations in the required proportion or solid solutions of carbonates, nitrates, cyanides and the like. Carbonate solid solutions as well aa alkoxide precursors have been used widely for the synthesis of oxides and the subject has been reviewed adequately( 1,3). Precursors have been specially useful in the synthesis of silicon carbide and related materials as well as semiconductor materials( 1).
Besides the precursor method, there are a few other strategies employed extensively for the synthesis of complex oxides. Since this method has been reviewed widely, we shall not discuss it here. The combustion method or self-propagating high-temperature synthesis is becoming somewhat popular( 1,5).
Sulfides, nitrides and many other solids have also been prepared by this method. What is to be noted is that in most of the modifications discussed hitherto such as the combustion method as well as the precursor, coprecipitation and sol-gel methods, one ultimately heats the product to a desired temperature just as in the traditional ceramic method, although the temperature may be somewhat lower.
The sol-gel route is one of them.
The method gives oxide powders in fine particulate form.
Novel methods for the synthesis of known and occasionally new solids Many of the methods under this category two typical ones being ion exchange and the alkali-flux method. These methods yield known solids by a milder route and occasionally some new solids. Several oxides have been prepared by ion exchange( 1) by employing the general reaction: employ soft chemistry routes, AMOy t BX 4 BMOy t AX (A = Li, Na; M = transition metal; B = Ag, Cu; X = chlorine) K.M. Bhat in this laboratory has prepared CuCo02 and CuMn02 by this method.
CuCo02 so prepared has the delafossite structure and contains low-spin Co(II1) ions. CuMn02 has the monoclinic crednerite structure and is sntiferromagnetic. There has been partial success in preparing Cu(I)Cu(III)02 by the reaction of ACuOZ with CuC1. Let us consider the case of the superconducting cuprate system, L~-&xCu04 (A = Sr or Ba). When x = 0.0, the material as prepared is insulating. On electrochemical oxidation, the oxygen content (hole concentration) increases and the material becomes superconducting. The hole-concentration and superconducting properties of L~Z ,~ AxCu04 (x > 0.0) are significantly affected after electrochemical oxidation (Fig. 2) . An interesting example of electrochemical oxidation is provided by NdNi03. A s prepared, NdNi03 is oxygen deficient and shows a metal-insulator transition. Many workers have studied this transition without realizing that it arises from the nonstoichiometry.
The stoichiometric NdNi03 prepared by electrochemical oxidation is however metallic down to low temperatures(6) as shown in Fig.3 ( 1, 7, 8) . Hydrothermal synthesis has emerged to become an excellent method to produce a variety of microporous solids and related materials( 1). Intercalation and deintercalation, acid leaching and ion exchange are some of the important reactions employed in soft chemistry.
W e shall cite one example from recent work in this laboratory. Ayyappan et al(9) have prepared cubic and other metastable forms of W 0 3 and M o o 3 by first intercalating amines into them and then removing the amines thermally or by acid leaching (Fig. 4 and 5) . Hydrogen bronzes such as HxW03 and H X M d 3 have been prepared by refluxing the parent oxides in an alcohol or in ethylene glycol(l0).
ComDlex oxides by nebulized spray rwrolusis Pyrolysis of atomized sprays containing organometallic precursors provides a method of preparing nanomaterials in bulk quantities and also oriented film0 of complex such as PbTi03 and PZT have also been prepared by The films actually appear to be epitaxial and this chemical method has great promi-.
In Fig.  6 and 7, we show the x-ray diffraction patterns of LaNi03 and PZT obtained on a SrTi03 ( 100) Nanoparticles of metals can be incorporated into clays, by first intercalating the clays with metal salts and then reducing them with alcohols or glycols. S. Ayyappan and S. Gopalan have incorporated Ni, Co, Cu, Pd and Ag into clays in this manner with the particle size varying anywhere between 3 and 40 nm. In Fig. 10 we show the electron micrograph of a clay showing -16A layers with nickel particles in them. Typical x-ray diffraction patterns of the clay with different amounts of nickel (of different particle sizes) are shown in Fig. 11. 
16;

